and Gia3) was examined in the ventricle of cardiomyopathic Syrian hamsters of the Biol4.6 strain (10-35 weeks old). Northern blot analysis of total cellular RNA revealed that all G-protein genes except Gija were expressed in the ventricle of Syrian hamsters. Gsa and Gi,2 genes were abundantly expressed. The expression levels of the Gsa and Gia2 messenger RNAs in Biol4.6 ventricles were lower than the levels in ventricles of the F1B hamster strain; the abundance of G., and Gia3 messenger RNAs did not change markedly. Moreover, the messenger RNA levels of Gs, and Gi.2 decreased as the stage of cardiomyopathy progressed.
lar cloning. 5 Although there have been some reports on the expression of these G-protein genes in physiological states, their expression in pathological states is not well known.
Syrian hamsters with hereditary cardiomyopathy have provided a valuable model of the pathological course and development of heart muscle diseases with ventricular hypertrophy and necrosis leading to heart failure. 6 In the present study, to ascertain the behavior of G-proteins in the cardiomyopathic stage, we exam-ined the expression of Gsa, GQ,, Gjal, Gi,a2, and Gi,3 genes in the ventricles of myopathic Syrian hamsters.
Materials and Methods Myopathic Animals
Myopathic hamsters of the Biol4.6 strain were divided by age into the three separate groups of five animals each: a 10-week-old group, a 22-week-old group, and a 35-week-old group. These age groups corresponded to the stages of acute myolysis, healing, and dilatation or hypertrophy. Hamsters of the F1B strain, matched for age, were used as controls.
RNA Preparation
Hearts were excised and separated into atria and ventricles. They were rinsed with cold saline and quickly frozen in liquid nitrogen. Total RNA was extracted from the myocardium by the lithium urea method.7
Hybridization Analysis
Total RNA (10 ,g) was denatured at 600 C for 7 minutes, fractionated by electrophoresis on a 1.2% agarose gel, and transferred to nylon membranes. The membranes were exposed to ultraviolet rays for 2.5 minutes, prehybridized, and hybridized at 420 C with 32P-labeled G-protein complementary DNA probes; complementary DNA probe coding for G5, (pGSN),8 Goa (pGI23), Gial (pBGil), Gia2 (pGI13), and Gi,3 (pGI14),5 from rat C6 glioma cells, was the generous gift of Dr. H. Itoh, The Institute of Medical Science, University of Tokyo, Japan. Prehybridiza-tion was performed in a solution containing x 5 saline-sodium-phosphate-EDTA buffer, x 5 Denhardt's solution, 50% formamide, 1% sodium dodecyl sulfate, 10% dextran sulfate, and 100 gg/ml heat-denatured salmon sperm DNA for 12-24 hours at 42°C. Hybridization was performed in the same solution with the addition of 5X106 cpm/ml 32p_ labeled probe for 24-36 hours at 42°C. Probes were prepared by random priming procedures. Membranes were washed twice at 42°C with x 1 saline sodium citrate buffer and 0.1% sodium dodecyl sulfate and twice at 48-52°C with xO.1 saline sodium citrate and 0.1% sodium dodecyl sulfate, air dried, and exposed to x-ray film (Kodak XAR-5) for 24 hours or 5 days with an intensifying screen at -70o C.
Relative amounts of Go., Gs.. and Gia (messenger RNA [mRNA]) gene expression were determined by densitometric scanner. Control hybridizations were carried out using a 1.1 kilobase (kb) mouse a-actin complementary DNA.9
Results
The mean value of the heart weight/body weight ratio of the F1B hamsters did not increase significantly with age (4.0x 103 for the 10-week-old group, 3.5x10-3 for the 22-week-old group, and 3.7x10f or the 35-week-old group). At 10 weeks after birth, the myopathic hearts weighed the same as the hearts of the age-matched F1B hamsters (4.0x 10-3), but at each subsequent age, the hearts of each myopathic group weighed significantly more (4.3xl10 for the 22-week-old group and 4.4 x 10 for the 35-week-old group). Figure 1 shows the results of Northern blot analysis of four genes, Gsa, Goa,, Gia2, and GQ,a3, in the F1B heart. The genes Gsa and Gia2 were expressed abundantly; the expression levels of Go, and Gia3 genes were low. Gial mRNA was hardly detected in the hamster heart. Samples from F1B hamsters at 10 weeks after birth are shown in the figure. The Goa probe detected one hybridizing band with a chain length of 3.2 kb, the Gia2 probe revealed one hybridizing band of 2.2 kb, the Gia3 probe detected one hybridizing band of 3.5 kb, and the probe for G5, revealed one band of 1.9 kb.
The expression patterns of the GQs, gene in the Biol4.6 and F1B hamster hearts are demonstrated in Figure 2 . Although there was no change in actin mRNA levels among the two groups, the amount of Gsa gene expression among Biol4.6 animals was less than that among F1B hamsters at all stages (81% for the 10-week-old group, 65% for the 22-week-old group, and 34% for the 35-week-old group, compared with age-matched F1B hamsters). The expression levels of the Gs, gene decreased in the Biol4.6
hearts as the stage of cardiomyopathy progressed; they did not change during any of the stages in the F1B hearts. RNA blot hybridization analysis offour guanine nucleotide-binding protein genes (Goa, Gsa, Gi2a, and Gi3c) in hamster hearts. Total cellular RNA (10 gg) in 10-week-old hamster hearts from the FIB strain was separated on 1.2% agarose gel, blotted onto a nylon membrane, and hybridized with four complementary DNA probes. The autoradiograms were exposed for 24 hours with an intensifying screen at -70°C. Size of ribosomal RNA is indicated by a marker.
decreased as the stage progressed compared with the age-matched F1B hamsters (62% for the 22- week-old group and 50% for the 35-week-old group), and the expression levels of the Gia 2 gene were decreased during cardiomyopathic progression only in the Biol4.6 hearts.
The mRNA levels of Gia3 (Figure 4 ) and G,, (data not shown) were almost the same among the Biol4.6
and F1B hamsters and did not show remarkable changes during the myopathic stage. The relation between RNA and the densitometric signal is shown in Figure 5 in which several amounts of a-actin RNA were loaded onto the same gel. A linear relation exists between RNA and the densitometric signal.
Discussion
The results in the present study demonstrate the expression and stage-specific regulation of G-protein a-subunit genes in the cardiomyopathic hamster heart. Four G-protein genes, Gs,,, Goa, Gia2 and GQa3, were expressed in the hamster heart. The amounts of Gsa and Gia2 mRNA in the BioI4.6 hamsters were less than those in F1B hamsters at all cardiomyo-)0_ )0_ suggests that, of the two Gis, Gia2 is more likely to be functionally associated with G, (e.g., as an inhibitor of adenylate cyclase). In our study, both Gs,, and Gia2 gene expression in Biol4.6 hamster hearts revealed similar changes, which decreased during the myopathic stage.
Luetje et a112 examined rat atria and ventricles and reported that the levels of Gia protein and Gia2 mRNA were greater in neonatal ventricles as compared with adult ventricles and that the level of GiC,3 mRNA was greater in adult atria as compared with neonatal atria. ). Hamsters were killed at the indicated age, and RNA was extracted from the hearts.
Total RNA (10 gg) was separated on 1.2% agarose gel, blotted onto a nylon membrane, and hybridized to a Gi3cr probe. The autoradiogram was exposed for 5 In this study, Gia2 gene was abundantly expressed in the ventricle of cardiomyopathic hamsters, and its expression was also regulated during the postnatal cardiomyopathic stage. Gia2 gene expression in the F1B hamster heart did not decrease during growth between 10 and 35 weeks. Early in the life of myopathic Syrian hamsters (60 days after birth), development of force and maximum rate of force development are markedly reduced at a time when myolytic lesions are present. As time progresses, however, total developed force returns to normal. This restoration of force development is thought to result from compensatory hypertrophy, since the cross-sectional area of papillary muscle increases.13 If the decrease in Gi protein is caused by Gia2 gene suppression, the gene suppression might act as a kind of adaptation.
In our study, the mRNA levels of G,, and Gia,2 were lower in Biol4.6 cardiomyopathic hamsters than in F1B hamsters; Gsa and Gia2 mRNA levels decreased as the stage progressed, particularly in the Biol4.6 hamsters. Ransnas et a114 have demonstrated that the protein levels of Gs in membranes from the ventricles of patients with idiopathic dilated cardiomyopathy were reduced 16% from the control levels. In another study, a 60% decrease in Gsa was also found in the skeletal muscle in myopathic Syrian hamsters. 15 Although the protein level of G, was not examined in this study, these reduced G, protein levels in cardiomyopathy might be due to reduced G, mRNA levels. Considering these observations and results, alterations of G-protein mRNA levels suggest the possibility that G, gene suppression may cause reduced contractility. It is of interest that the gene expressions of the two G-proteins, which function inversely, were regulated in the same way. Further investigation is needed to determine the role of these G-proteins in the pathogenesis of cardiomyopathy and in the relation between suppressed gene expression of Gsa and Gia,2 and cardiomyopathy.
